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In the vertebrate trunk, segmentally iterated ganglia and nerves connect the spinal cord with the periphery through the protective vertebrae. Peripheral nervous system (PNS) segmentation is initiated by ventrally migrating neural crest cells that exclusively invade the anterior sclerotome and differentiate into metameric sensory dorsal root ganglia (DRG) and sympathetic ganglia. Meanwhile, motor axons project from the ventral spinal cord through the somites in a segmental fashion, joining sensory projections to create metameric mixed spinal nerves. The signaling pathways that direct PNS segmentation are unclear. Neuropilin 2 (Nrp2)/Semaphorin 3F (Sema3F) signaling is required for segmental neural crest migration, but not for metameric DRGs, indicating that a second signal patterns gangliogenesis. We show that Nrp1 signaling through Sema3A (Nrp1 Sema3A ) is that second Throughout the developing nervous system, differentiated neurons and glial cells are formed in a spatially and temporally coordinated manner. To gain insights into this process, we have been studying the mechanisms by which neural stem and progenitor cells sequentially give rise to motor neurons and oligodendrocytes in the ventral spinal cord. Our findings indicate that the early neurogenic phase of motor neuron differentiation is orchestrated by the bHLH transcription factor Olig2 through inhibitory interactions with the Notch signaling pathway. Olig2 directly binds and represses the expression of the Notch pathway effectors Hes 1 and Hes5 to promote motor neuron differentiation. Later in development, activation of the Notch pathway in turn alters the response of neural progenitors to Sonic Hedgehog (Shh) signaling, leading to changes in Olig2 expression and the formation of specific glial cell types. Together, these findings suggest a novel point of intersection between Olig2 and both the Notch and Shh signaling pathways, and demonstrate how the reiterative use of these pathways can result in the assignment of neuronal and glial cell fates. Asymmetric division of neuronal precursors is a general process that generates postmitotic neurons in both vertebrates and invertebrates. However, how these asymmetric divisions are connected to the terminal differentiation program of postmitotic neurons, and how they are coordinated in space remain poorly understood.
Combining an automated genetic screen (using a worm sorting machine), mutant cloning (using deep sequencing) and promoter analysis, we establish here a direct regulatory cascade linking a general asymmetric division machinery to the activation of the terminal differentiation program of a specific class of cholinergic interneuron in Caenorhabditis elegans. In the postmitotic AIY interneurons a large battery of terminal differentiation genes is directly activated by a complex of two terminally-acting homeodomain transcription factors, TTX-3 and CEH-10. Here we show that the expression of this complex is directly activated by the cooperation of a Wnt/β-catenin asymmetric division machinery and a transient lineage specific input (a combination of Zic and bHLH factors). Following activation, TTX-3 and CEH-10 directly automaintain their expression thereby locking in the differentiation state. We also show that this Wnt/β-catenin asymmetric pathway is widely used to polarize the terminal divisions of neuronal precursors and that the polarization of this field of progenitors relies on a gradient of three Wnt ligands. Therefore our study determines how neuronal precursors are polarized in the embryonic nervous system and establishes how this general asymmetric division machinery is integrated with transient lineage inputs to trigger and maintain neuronal differentiation. 
